structural changes of the renal glomeruli in development and aging were investigated by electron microscopy in normal rats from 4 to 36 weeks of age at 4 weeks intervals after birth. Infantile rats had an uneven glomerular basement membrane which was characterized by double-layered or mossy appearances of the lamina densa. On the other hand, diffuse and hemispherical thickenings of the basement membrane were observed in older rats.
Since Arataki (1926) first reported decreased and swollen glomeruli in senile rats, many works on the structural changes of the renal glomeruli associated with aging have been performed. These changes were represented by character istic intercapillary glomerulosclerosis and an increase of mesangial cells in senile rats, mice and hamsters (Andrew and Pruett 1957; Lupton 1960, 1962; Guttman and Kohn 1960 
MATERIALS AND METHODS
Thirty-six male albino rats of the Wistar strain were used in this study. These rats were the littermates from the first mated parents of two normal pairs. To assess the normalities of the experimental rats, their urine and blood glucose levels in a glucose tolerance test (2 g/kg, orally) were estimated by test paper (Uro-Labstix, Ames & Sankyo) and the glucose oxidase method respectively.
Proteinuria, glycosuria or ketonuria was ascertained in none of the rats. Blood glucose levels were also within the normal range as will be described in our following paper (Yagihashi 1978) .
The rats were divided into nine groups by their age: 
RESULTS
Infantile rats, 4 weeks of age (Group 1), showed a rather uneven peripheral basement membrane (Fig. 1) . On its epithelial side, slight protrusions were formed here and there (Fig. 2) . Both laminae rarae interna and externa were thin, and they were almost of an equal width (about 200 to 300 A). The appearance of the lamina densa varied greatly in different planes of section. It usually consisted of a single, electron-dense, homogeneous layer but sometimes of double or more dense layers. It showed mossy structures in uneven areas of the basement membrane. In the intermediate clear zone of the double-layered lamina densa, fine granular or filamentous substance was observed. There were also fine longitudinal filamentous connections between the epithelial foot processes and the dense homogeneous zone of lamina densa (Fig. 3) . mitochondria. Free ribosomes were also abundant. The nuclei were large, elongated oval. As shown in Fig. 4 , multivesicular bodies and secretory bodies within cisterns of granular endoplasmic reticulum were often recognized. The mesangial region of the infantile rat was narrow as compared with that of the older and young rats. The cytoplasm of mesangial cells contained fine filaments which were to be released into mesangial matrix (Fig. 5) . Young rats, 12 to 16 weeks of age (Groups 3 and 4), had a basement membrane with the most even contour. Its lamina densa consisted of a single, electron-dense, homogeneous layer and showed no splitting. The laminae rarae interna and externa became thinner with an even thickness. Epithelial cells had abundant cytoplasmic organelles, such as prominent areas of Golgi complexes and granular endoplasmic reticula. The cisterns of the granular endoplasmic reticulum were widened here and there. Secretory bodies had electron dense loops along the membranes of the granular endoplasmic reticulum (Figs. 6, 7 ). The nuclei of the epithelial cells were convoluted. Mesangial cells were endowed with large Golgi complexes and many mitochondria. Lysosomes containing dense bodies were also numerous in the cytoplasm. The mesangial matrix took a small part of the mesangial region ( Fig. 8 ).
In the rats of 24 weeks of age (Group 6), diffuse thickening of the basement membrane was noted (Fig. 9 ). This thickening was due to the widening of the lamina densa. Both laminae rarae interna and externa became thin. Whorl-like secretory bodies which had electron-dense concentric loops in the widened granular endoplasmic reticulum were observed in the epithelial cytoplasm (Figs. 10, 11, 12). Degenerative myelinated figures suggesting autophagosomes were also seen ( Fig.  13 ). There were aggregates of cytoplasmic fragments of the mesangial cells in the mesangial region.
In the rats of 28 weeks of age, the secretory bodies of the epithelial cells were especially prominent. These bodies took greater parts of the electron-dense zone than those in the young rats. These secretory bodies were considered to be precur sor substances of basement membrane materials (Thoenes 1967). Epithelial cells also contained widened cisterns of the granular endoplasmic reticulum.
Diffuse thickenings of the basement membrane were more remarkable in the older rats (Figs. 14, 15, 16 ). These thickenings were due to the accumulation of basement membrane materials on the epithelial side of the lamina densa. Further more, hemispherical or nodular thickenings of the basement membrane protruding into the epithelial cells were frequently observed (Figs. 17, 18 ). The lamina rara externa was extremely thin and hardly recognized as such in areas of thickened basement membranes. The mesangial matrix was more prominent than in the adult rats. The cytoplasm of mesangial cells was fragmented into small pieces in the mesangial matrix as seen in the adult rats. The nuclei of the mesangial cells were shrunken. In addition to an increase of basement membrane materials, fine filaments were remarkable in the mesangial region. Epithelial cells of the older rats had a multilobular nucleus and many myelinated bodies in their cytoplasm (Fig. 19) . Globular notchings of the basement membrane were often seen in the mesangial region contiguous to epithelial cells (Fig. 20) . These changes in the older rats were basically accentuation of those in the adult rats. 
DISCUSSION
Gradual thickening of the basement membrane in a hemispherical or a diffuse form with increasing age was confirmed in this study. At early developmental stages, fine structures of the basement membrane were quite dif ferent from those in adult or old rats. Ashworth et al. (1960) observed an age related increase in thickness of the glomerular basement membrane in rats . They considered that this thickening was due to narrowing of the laminae rarae interna and externa and widening of the lamina densa. Other signs of age-related changes of the renal glomeruli were found in the mesangial region. Orci et al. (1970) and Like et al. (1972) described that the senile changes of mice glomeruli were characterized by increase in mesangial matrix of the mesangial region. In our study, there were aggregates of cytoplasmic fragments of mesangial cells in the older rats in addition to the increase of mesangial matrix. The nuclei of mesangial cells were shrunken and cytoplasmic organelles of these cells were poor in the older rats. On the contrary, infantile and young rats had mesangial cells with large nuclei and well-developed cytoplasmic organelles. From these findings, mesangial cells of the older rats were also supposed to be less active.
The degradation of basement membrane was thought to be due to the activity of mesangial cells (Wardle 1975) . The evidence that the turnover of the basement membrane depends upon the surrounding cell components was also presented (Walker 1972). Furthermore, on the basis of this morphologic study, we can consider that the accumulation of basement membrane materials in relation to aging is attributable to the relatively low degradation of basement membrane as compared with its synthesis by the epithelial cells. [ •~22,800. 
